Abstract This study was conducted to select a type of macroporous resin most suitable for the separation and purification of tomato saponins. The content of esculeoside A which is the major part of total tomato saponins was detected by colorimetry, and extraction rate of esculeoside A was used as an indicator to select the best type of macroporous resin for the isolation of tomato saponins. D101 has the highest adsorption efficiency for esculeoside A, with which, 0.25g esculeoside A can be obtained from 1kg tomato fruit.
Introduction
Tomato (Lycopersicon esculentum Mill.), a member of the genus Lycopersicon in the family Solanaceae, is native to South America and widely planted in China nowadays. Two structurally complex steroidal saponins were isolated from fresh ripe tomato by Fujiwara from Kumamoto University, Japan in 2004, and named esculeoside A and esculeosideB [1] .Then, their physicochemical properties, physiological and pharmacological activities were systematically studied, and the results revealed that they were capable of reducing blood lipid, cholesterol, inhibiting cancer cell proliferation, anti-atherosclerosis, anti-oxidation and so on [2] . Therefore, esculeoside A and esculeoside B have attracted much attention of experts in cardiovascular diseases all over the world. Macroporous resin is an organic adsorbent composed of high polymers and was developed in the 1960s. It has an internal three-dimensional stereoscopic pore structure, and good adsorption properties due to the numerous reticular cavities with a large specific surface area [3] [4] . Macroporous resin can be used for purifying chemical substances from plant materials according to the polarity, relative molecular weight and different solubility of the objects [5] . In the present study, the adsorption capacity of 16 different types of macroporous resins to total tomato saponins were measured with spectrophotometry and compared to select the best macroporous resin type, and provide technical support for in-depth study of tomato saponins.
Instruments and Materials

Materials
Fresh ripe cherry tomatoes were purchased from the tomato planting base at Chetian Town, Ziyuan County, Guilin. Esculeoside A standard was purchased from Department of Pharmacy, Kumamoto University, Japan, and its mass fraction was 98.9%, determined by HPLC. Sixteen types of macroporous resins: 1400, AB-8, CA-40, H103, HP-20, HPD100, HPD300, HPD400, HPD600, NKA, NKA2, NKA-9, S-8, Lukang 86021, Lukang DM130 and D101 were purchased from Tianjin 
Methods and Results
Pretreatment of macroporous resins
Columns were filled with each type of macroporous resin (200g), which had been soaked with 95% ethanol for 24h, eluted with 95% ethanol at a flow rate of 2BV/h, till the mixture of the elute and water was not cloudy any more. Then, the columns were washed with deionized water to remove ethanol, and before being washed with 5% dilute hydrochloric acid at a flow rate of 2BV/h and soaked with it for 1 h. Finally, the columns were washed with deionized water till the eluent's pH value was 7.0.
Pretreatment of samples
Thirty-four tomato samples were precisely weighed (1g each), washed and processed with a juicer. Then, the juice samples were digested with 0.5 ‰ pectinase at 50ºC for 1.5 h, filtered through gauze before centrifugation. The supernatant was stored in a refrigerator till analysis.
Screening of the optimal macroporous resin
Three copies of the 16 types of macroporous resin were precisely measured (150ml each copy) and loaded to columns. Then, the pretreated tomato samples were loaded to these columns to measure the adsorption capacity of the resins to total tomato saponins. After that, the columns were washed by 10 volumes of deionized water, and then eluted with 95% ethanol till the eluent was colorless. Finally, the eluents were concentrated under reduced pressure, vacuum-dried, and the resulting total tomato saponins were accurately weighed. Measure ment of the content of total saponins in tomato Preparation of standard solution of esculeoside A and crude saponin solution 5.0mg of esculeoside A standard was precisely weighed (with purity of 98.9%), diluted with methanol to total volume of 5ml, sonicated to obtain the standard solution of esculeoside A (1.0 mg/ml). 25.0mg of crude saponin powder was precisely weighed, diluted with methanol to total volume of 25ml, sonicated, and filtered through microporous membrane to obtain the solution of crude saponins (1.0 mg/ml).
Selection of measure ment wavelength
At first, 0.5ml of standard esculeoside A solution was transferred into a test tube with stopper, incubated in a water bath at 70º C till the solvent was evaporated to dryness. Then, 0.2ml of 5% vanillin -glacial acetic acid and 0.8ml of perchloric acid were added to the tube, mixed by shaking, and incubated in a water bath at 60º C for 20min. The tube was taken out of the water bath, allowed to stand at room temperature for 10 min. 10min after 5 ml of glacial acetic acid was added, the tube was scanned at 400 -700nm. The maximum absorption was found at 590nm. So, 590nm was considered as the wavelength most suitable for the determination of saponins.
Establishme nt of standard curve 0.0, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30ml of standard esculeoside A solutions were precisely measured and transferred to 10ml tubes with stopper, incubated in a water bath at 70º C till the solvent was evaporated. Then, 0.2 ml of newly prepared 5% vanillin -glacial acetic acid and 0.8ml of perchloric acid, were added to each tube, stoppered and mixed by shaking. The tubes were incubated in a water bath at 60º C for 20min, allowed to stand at room temperature for 10min. After 5ml of glacial acetic acid was added and mixed, the absorbance was read at 590nm. The standard curve was obtained by plotting absorbance on the Y-axis and the weight of esculeoside A on the X-axis. The resulting regression equation was Y = 1.108 8X + 0.049 2, R 2 = 0.996 (n = 6), wherein, X is the weight of esculeoside A (mg) and Y is absorbance. The equation revealed that there was a good linear relationship between absorbance and weight of esculeoside A (in a range of 0.052-0.312 mg). Verification of experime nt stability, accuracy and re producibility 0.2ml of crude saponins solution prepared above was collected, processed as described in "Establishment of standard curve", and the absorbance was read 1, 2, 3, 4, 5, 6, 7 and 8h later. The RSD was 2.71% (n = 8), indicating that the results were relatively stable within 8h. Six copies of standard esculeoside A solution (0.2ml), processed as described in "Establishment of standard curve", and the absorbance was read 1, 2, 3, 4, 5, 6, 7 and 8h later. The RSD value was 1.11% (n=6), suggesting that this method was accurate. Six copies of crude saponin powder (10mg each), diluted with methanol to a total volume of 10ml. 0.2ml of the solution, and its absorbance was measured following the steps described above. The resulting RSD value was 1.14% (n=6), indicating that the method was repeatable.
Table1
The stability, accuracy and reproducibility of the system we developed 
Test on recovery rate of saponins
Four copies of crude saponins powder samples, in which the esculeoside A content was measured, (about 14%) were precisely weighed (100 mg each copy). Four copies of esculeoside A standard were also precisely weighed (2 mg each) and added to the four copies of crude saponins powder samples. Then, each sample was diluted to 50 ml. The peak area was measured to calculate the recovery rate, average recovery rate and RSD value. All the data revealed that the recovery rate and RSD value met the requirements as expected. Measured weight of esculeoside A/mg ÷ (the weight of esculeoside A in sample/mg + the weight of esculeoside A added to sample/mg) × 100% = recovery rate Table 2 Test on recovery rate Table 3 Adsorption capacity of different types of macroporous resins to esculeoside A
Determination of the content of total saponins in samples
The standard esculeoside A solution and tomato sample solution prepared above were pipetted (0.5ml each) and transferred to test tubes with stopper, incubated in a water bath at 70º C till the solvent was evaporated to dryness. Then, 0.2ml of 5% vanillin -glacial acetic acid and 0.8ml of perchloric acid were added to each tube, mixed by shaking, incubated in a water bath at 60º C for 20min. The reaction was stopped by incubating in ice for 10min. Ten minutes after 5ml of glacial acetic acid was added to each tube, the absorbance was read at 590nm. Finally, the content of total tomato saponins in samples was calculated from absorbance according to the standard curve obtained above. 
Results and Analysis
As shown in Table 3 , among all types of macroporous resin, D-101 had the best absorption capacity to esculeoside A, followed by AB-8. NKA-9 was most specific to esculeoside A and thus the resulting percentage of esculeoside A was the largest, although it had a lower absorption capacity. In addition, D-101 and AB-8 were two types of macroporous resin most commonly used in previous studies for the extraction of saponins, so there is a need to determine the optima l parameters for saponin extraction.
Discussion
Currently, saponins in ginseng, bitter gourd, yam and other plants have been studied a lot, but saponins in tomato has been rarely reported. It has been proven that saponins have a variety of physiological and pharmacological activity [6 -7] . We have found that tomato saponins has a unique role in lipid-lowering and anti-atherosclerosis. It can regulate lipid metabolism, lower blood viscosity, increase the capacity of oxidative free radical scavenging, reduce lipid peroxide, which prevents and suppresses the formation of atherosclerosis [8] . Moreover, the water extract of tomato saponins can effectively regulate lipid metabolism in human bodies, and thus can be used for the treatment of hyperlipidemia [9] . Macroporous resins have been widely used for the isolation and purification of saponins, alkaloids, flavonoids, peptides, carbohydrates and other chemicals [10] . In this study, the macroporous resin type most suitable for the isolation of tomato saponins was determined, which will provide a technical support for in-depth study of saponins. Tomato saponins have no absorption in UV region. It will need a capital investment in instruments using evaporative light scattering derector to detect them. Vanillin colorimetry is simple, low-cost, and reliable, but the results are greatly affected by temperature and reaction time. So the reaction conditions should be strictly controlled and three or more repetitions should be prepared when vanillin colorimetry is adopted for the measurement of tomato saponins.
